This paper studies the stability problem of a class of neutral delay systems. It firstly establishes two novel integral inequalities, which are better than the same type inequalities found in the literature. Then it derives, by using the new inequalities and the Lyapunov functional method, some sufficient delay-dependent conditions for asymptotic stability of the neutral delay systems. Three numerical examples are provided to illustrate the advantage and effectiveness of the obtained results.
Introduction
In the past decades, a great deal of attention have been drawn to the delay-dependent stability criteria of neutral delay systems (see, e.g., [1-4, 7-9, 11, 12, 15, 17, 18] ). Various interesting methods have been introduced to obtain delay-dependent stability conditions for neutral delay systems, such as model transformation approach [8] , delay partitioning technique [2] , discretized Lyapunov functional method [11] , free-weighting matrix approach [9, 12] , and integral inequality method [1] . With the help of these approaches, improved delay-dependent stability conditions have been presented gradually, such as [3, 11, 15] and the references therein. It is known that Jensen's like inequalities have played an important role in obtaining delay-dependent stability conditions. However, Jensen's like inequality inevitably introduces some undesirable conservatism. It has been improved by [13] which dealt with single integral and double integral terms. As a result, a new class of inequalities are presented, which produce tighter bounds than what the Jensen inequality produces in [13] . Very recently, a less conservative inequality was introduced based on the free-matrix ideal [21, 22] . They provided a better condition on the single integral inequality than [13] . On the other hand, research on double integral inequality and triple integral inequality should not be ignored, because such inequalities may play an important role in obtaining delay-dependent stability condition for neutral delay systems.
Motivated by the above discussion, we investigate, in this paper, the conventional neutral systems to obtain delay-dependent stability by using the new introduced inequalities. The rest of the paper is organized as follows. In Section 2, a new class of inequalities are provided. In Section 3, stability analysis for neutral delay systems is presented. Sufficient conditions are formed in terms of LMIs, which can be easily calculated by Matlab control toolbox. Many cases are compared in the tables based on the conventional numerical examples, which are used to show the validity and less conservativeness of our approach in Section 4. A conclusion is given in Section 5.
Preliminaries
Let R n denote the n-dimensional Euclidean space and R m×n is the set of all m × n real matrices. For a real symmetric matrix X, X > 0 (X 0) means that X is positive definite (semi-positive definite). I is the identity matrix of appropriate dimensions. The superscript "T " stands for the transpose of a matrix or a vector. I is the identity matrix of appropriate dimensions. We shall first establish two novel inequalities for late use.
Lemma 2.1. For a given symmetric positive definite matrix R > 0 and any differentiable function x : [a, b] → R n , the following inequality holds:
where
Proof. For a continuously differentiable function x(t), t ∈ [a, b], define the function z by
A and B are defined in Lemma 2.1. It is easy to obtain that
With R > 0, the computation of
Clearly, the above inequality is equivalent to inequality (2.1). This completes the proof. 
Proof. Define
It is easy to see that
Integrating (2.3) from a to b yields 
, and N 3 = 0. Moreover, the inequality (4) of Lemma 2.3 in [23] is also a special case of Lemma 2.3 by setting
Different from the inequality of Lemma 1 in [22] , this inequality is a double integral inequality, which could be used to reduce the conservativeness of the delay-dependent stability conditions.
Main results
Consider the following neutral delay system
where x(t) ∈ R n is the state vector, τ and h are time-delays, ρ = max{τ, h}, ϕ (θ) is the initial condition function, and A, B, C are known matrices. In this paper, we always assume that the spectral radius of C less than 1. System (3.1) has been well studied in the literature and many results are available. However, by using the novel inequalities developed earlier, we can obtain much less conservative conditions than the existing results.
Theorem 3.1. System (3.1) is asymptotically stable if there exist positive definite matrices W 1 , W 2 , Q 1 , Q 2 , R 1 , R 2 , symmetric matrices X ∈ R 8n×8n , R ∈ R 2n×2n , and any matrices M i , N i ∈ R 4n×n (i ∈ 1, 2, 3) with appropriate dimensions satisfying the following inequalities 
where e 0 = Ae 1 + Be 3 + Ce 4 , Ω 1 = (e 1 , e 5 , e 7 , e 9 ) T , Ω 2 = (e 1 , e 6 , e 8 , e 10 ) T , Π 1 = e 1 − e 5 , Π 2 = e 1 + 2e 5 − 6e 7 , Π 3 = e 1 − 3e 5 + 24e 7 − 60e 9 , Π 4 = e 1 − e 6 , Π 5 = e 1 + 2e 6 − 6e 8 , Π 6 = e 1 − 3e 6 + 24e 8 − 60e 10 ,
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Proof. Construct a Lyapunov functional candidate as
where X, Q 1 , Q 2 , W 1 , W 2 , R 1 , R 2 , R are defined in Theorem 3.1, and
First, with Lemma 2.1, Lemma 2.3, and some inequalities in [7] , the Lyapunov functionals V can be scaled as According to the inequality (3.2), the constructed functional (3.3) is positive definite. Then, with Lemma 2.1, Lemma 2.1 and some inequalities in [7] the time derivative of V(t) along the trajectories of equation (3.1) can be computed as follows: 
Based on the conditions of Theorem 3.1, we can obtain thatV < 0. Accordingly, system (3.1) is asymptotically stable, which concludes the proof.
Remark 3.2. In the process of the above proof, x(t − h) andẋ(t − τ) do not appear as the V is considered. Therefore, the number of vector components in (3.2) of Theorem 3.1 is less than that of (3.4). When τ = h, following the same line of the proof for Theorem 3.1, one can easily obtain another delay-dependent condition. In this case, it is better to use another new condition to compute the bounds of delay for the neutral systems, because many unnecessary matrix variables would be involved if we use the result in Theorem 3.1.
Theorem 3.3. System (3.1) with τ = h is asymptotically stable if there exist positive definite matrices W 1 , Q 1 , R 1 , symmetric matrices X ∈ R 5n×5n , R ∈ R 2n×2n , and any matrices M i ∈ R 4n×n (i ∈ 1, 2, 3) with appropriate dimensions satisfying the following inequalities 
2 − e 6 ) T ], e 0 = Ae 1 + Be 2 + Ce 3 , Ω 3 = (e 1 , e 3 , e 4 , e 5 )
T , Π 1 = e 1 − e 3 , Π 2 = e 1 + 2e 3 − 6e 4 , Π 3 = e 1 − 3e 3 + 24e 4 − 60e 5 ,
where X, Q 1 , W 1 , R 1 , R are defined in Theorem 3.3. Following the similar line of the proof for Theorem 3.1, Theorem 3.3 is proved. It is omitted here. References τ = 0.1 τ = 0.5 τ = 1.0 
Numerical example
In this section, we will demonstrate the superiority of our approach in the above section using the conventional neutral system by the following examples. With different cases, we can obtain different maximum time delay h by using Matlab toolbox as listed in Table 1 , compared with some existing references. From Table 1 , we can see that the results in [2] and [1] are close to our results. However, the maximum of h using Theorem 3.1 is nearly close to analytical bounds, which shows our approach is less conservative than the existing results.
Example 4.2 ([4]
). Consider system (3.1) with the state matrices listed as follows:
with the positive scalar c and τ = h. With different c, we can obtain different maximum time delay h by using Matlab toolbox as listed in Table 2 , compared with the existing references. Clearly, the results of h in [4, 7, 8, 18] and [14] are much more conservative than those in [3, 17] and Theorem 3.1. It is observed from Table 2 that our time-delay h is much bigger than existing results with the less variables. This example shows again that our approach is effective and less conservative than the existing results. With our approach and using Matlab toolbox, the maximum time-delay h compared to the existing results are listed in Table 3 . It is quite evident that our result is the best. 
Conclusion
In this paper, we have established two new inequalities which reduce the conservativeness of analysis for delay-dependent conditions. Based on the Lyapunov functional method and the two new inequalities, two sufficient conditions have been derived in terms of inequalities. Three numerical examples have been given to show the effectiveness and superiority of the proposed result.
